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Over the past year and a half, a group of quality assurance personnc]  from ihc Jet
1 ‘repulsion 1,aboratory (]1’1,) has investigated the application of l;or]na] Methods
(l~M) to several J]’], projects, J]’]’s interest ill II’M has grown out of its need to
develop  hardware and software systems for its spacecraft under requiremcmts that
specify unusual]y  high lcwcls  of reliability. Although iraclitionall y considmd too
costly for large-scale application in indusby,  }Jh4 have more recently emcrgd as a
practical twlmiquc  for the assurance of increasingly COm~)lCX  s)~stcm clesigns. “J’lIis
paper describes expmimcc at J]’1, with lih4 applied to several pilot projects. We feel
that l~M shows pmmisc for industry applications, especially in the area of high
reliability systems, and wc offer some concrdc sug~estims  on how to integrate I;M
into the systems assuranm process.

l’rcvious  stuclics of quality assurance ac[ivitics  at J]’], have showII thr software
quality problem is greatest  during the early lifecycle  phasm  of rcquirmnmts  and
clesi~n. “1 ‘llese studiw  founcl

● ~’he highest de]lsity of major defects found through the use of software
inspcclicms was durinp, the requirements phase (an average of 1 major
defect found per 3 pages of rc’quircments docLllilc]ltatic)ll). “1’his was 7
times higher than the density of lnajor  d e f e c t s  found in code
inspc’c[ions.

● h40st ha7Jardous  software safety errors found during system integration
a n d  test of two NASA spacecraft  were the result  of requircmcmts
Cliscrepancirs  or interface specifications.

SUCII  results have motivated an interest in finding tec}lniques  for assuring the
quality of cmgincmins products in the earliest lifccycle  possible.

l~h4, a set of techniques  based cm formal logical and mathematical reasoning, has
been chosen as the focus of this investigation because of its promise for uncovering
classes of specification and design mms which arc not detectable by traditional
means until much later lifecycle  phases. IJM is also believed to hold the potential
for automation and systematization of many quality assurance activities which
traditicma]ly have bee]l done manua]]y and on]y o n  a  slna]] sca]e. A]thoush  t h e
research community has investigate 1 ~M for more than a decade, I;M IIas suffered



*

historically from the perception that it is not yet a sufficiently mature technique for
full transition to industry, that it is only a collection of tools and not a thoroughly
defined process which can be smooth] y integrated with an existing clcwelopmcnt
processes. ]t is true that I“nLIch  early research into I~M focused cm the application of
l~M to late’ lifecyclc  proclucts  such as source code, and the si~,e of the product whic}l
could be analyz,d  by this technique was limited.

} lowcwm,  in respcmsr to the increasing focus on assurance activities in the early
lifccyclc, l~M has been gradually refined and tailord to address problems such as
requirements sp~cification,  where it has been successfully applied to problems of
realistic si~fc and comp]mity. I’o explore  the applicability of I;M to ]1’1, systems
Clmlopmmt  , t}~c ]1’1, working group identified several systems to serve as pilot
projcc[s.  ‘1’hesc systmns  included:

1, “1’lIc Attitude and Articulation Control System (AACS) fault protection
soflware  for a spacecraft.

?, A detailed study of the floatins  point behavior of the 1750A Cl ‘U to be
used on spacemaf t flight computer boards

3. . “1’hc 1 hlgine Gimbal l{lcdronics  (l[C;] t) for a spacecraft.
4. T’hc 1 >mp Space Nclwork  (1 )SN) Block V Receiver Ilpgracle  “l’ask,

llascd on these pilots, ]1’1, expcrimce supports the view that I;M is ready for ceriain
kinds of applications in industry. We describe concrete  process steps which were
e\701vd  in the course of the ]1’1, pilot studies to allow l~M to be introduced into
existing development and quality assurance processes, without the need to place I;M
analysis cm any critical clevelopmmt  path. We also report on an expansion of the
};M idea  to include high-level  requirements simulators or “requirements
animators”. “1’he use of animators facilitates a process in whic}l quality assurance
pmsonne)  provide  l~M expertise and clevclopment  personnel provide application
domain c’xpcr[isc. Animators then bccomc  a usefu] medium for communication of
results of I:M analysis bctwwm pwsmmcl who need t}~e res~]lts  but who need not be
experts  in lJM. ~’his mperimce suggests that quality assurance organizations collld
be a natural home for IJM in many high rel iabil i ty systems Clc’vc’k)pmc’nt
environments.


